Abstract: This paper is devoted to the application of methods for contours and shapes comparison of objects represented as two-dimensional point clouds obtained during segmentation of data from a laser scanning system. The methods considered allow estimating the displacement of objects in the field of view of the scanning system. Methods are considered on the basis of Euclidean distances, Hausdorff metrics, invariant moments and shape context.
Introduction
Data segmentation of scanning systems, objects segmentation, matching and tracking are complex tasks in perspective and developing areas of technical vision and image processing. The methods of comparing segmented data volumes, twodimensional or three-dimensional point clouds, whole parameters of objects or images, allow to estimate changes in the data, reduce the amount of processed information, and use real-time data processing systems.
Processing visual data of scanning systems makes it possible to estimate contours for observable objects their shape is determined. Contours and shapes of objects can be used to determine changes in the object over time, in particular to determine the movement's vector in the reference frame relative to the scanning system, i.e. to accomplish the task of object tracking, or determine whether an object is moving or not.
To compare contours, a large number of algorithms and techniques are proposed that work with different representations of contours -a set of two-dimensional points, or a binary image. In [1] invariant moments are used to recognize symmetric objects. The authors of [2] apply the Hausdorff metric for searching text on binary images. In [3] is used the method of pattern recognition by the context of forms. In [4] is presented a modification of the Hausdorff metric and its application in Euclidean space. In [5] , for contours comparison, along with invariant moments, the morphing method and methods based on Fourier descriptors and polar diagrams are applied.
In this paper we use segmented two-dimensional point clouds obtained from the laser scanning system and transformed to a single reference point using spatial matching methods, since some of the using methods are non-invariant to rotation. For segments, the spatial coordinates of the points are defined, combined into contours for comparison.
Methods overview

Euclidean metric
The first comparison method is based on the Euclidean metric [6] , one of the most common methods for determining the distance between points. The distance between two points is determined by the formula:
The central moment m pq , providing the invariance to the shift, is equal to:
Since the number of points in contours of the segments is different, it is necessary to solve the problem of finding the nearest points, and then to normalize the obtained metric. For that searching through the k-dimensional tree is used.
Hausdorff metric
The second comparison method is based on the Hausdorff metric [6] [7] . The Hausdorff metric is calculated in the space of curves, which are the contours of the segments. If we denote as x the points of the contour u of the first segment, y as the points of the contour w of the second segment, then the radius of the points in relation to the contours is equal to: On this basis, the Hausdorff metric r H equals:
Invariant moments
The method of invariant moments is used in the area of image processing and analysis [8, 9] and is a particular weighted average function of the pixel intensities of the image. Image moments have long been used to describe objects after their segmentation and determine the properties of the area, geometric center and orientation. This method used in this paper for the two-dimensional vector of points, transformed into a binary image.
The initial moment for the two-dimensional function f(x, y) of degree p, q (1,2 ...) for the area D is equal to: 
Where, x and y are the coordinates of the center of the area D. The transition to normalized central moments provides invariance to scaling:
The method also provides rotation invariance [8] .
Shape Context
The shape context method is used in the pattern recognition and proposed in [3] . This characteristic is intended to describe the shapes in order to measure their similarity and restore point correspondences. The basic idea is to choose n points of the shape contour. For each point pi of the form n-1 vectors obtained by connecting the point p with all other points are considered. The set of these vectors is called the description of the shape localized at this point. The main idea is the distribution of the point relative coordinates is its reliable and compact identifier.
For point p i , the histogram h i of the relative coordinates for the remaining n-1 points is:
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This histogram h i is the context of the form for the point p i , bin is the column of the histogram in polar coordinates, q is the point for comparison.
Experimental results
For contours comparison were obtained sets of room scans from the laser scanning system with one and two moving objects.
To prevent wrong contours matching were introduced threshold values for the similarity measure of contours and the distance between matched contours. 
Conclusions
As a result of experiments, the least percent of wrong matched or not matched segments showed by methods based on Hausdorff and Euclid metrics. The proposed methods let determine the correspondence of the segments contours extracted from the data of the laser scanning system. Using the matched segments make it possible to determine the object displacement vector on the scans over time and to make a conclusion about its movement.
